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of schooling and resources provided to girls while boys are to a large extent sheltered— a ﬁnding consistent with
a model where parents' values of child labor differ across sexes.
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The question of how changes in households' economic conditions
differentially affect the treatment of boys and girls in developing coun-
tries has long been a concern among development economists and
policymakers. Understanding households' decisions regarding their
children's education and food consumption conditional on gender in aes for their helpful comments. I
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. Open access under CC BY-NC-SA licerisky environment is important in order to design sustainable policies
to promote gender equality.1 The importance of this issue has
been reemphasized in the last decade since promoting gender equality
has been identiﬁed as one of the most important goals of the donor
community.2
Starting with Becker (1981), economists have long argued that
households' differential treatment of children conditional on gender
can be explained by the underlying economic conditions. For example,
Rosenzweig and Schultz (1982) show that in India, households selec-
tively allocate resources to children in response to variations in sex dif-
ferences in their expected earnings opportunities as adults. Foster
(1995) ﬁnds that a child's well-being varies with ﬂuctuations in income
andprices and that thewell-being of girls ismore sensitive to theseﬂuc-
tuations than that of boys. Similarly, Behrman (1988) has shown that
girls' nutrition suffers more than that of boys in the lean, as opposed
to the peak, agricultural season. Differential treatment of boys and
girls with regard to intra-household food allocations and long-term
consequence on female infanticide and gender imbalance has been1 There are several rationales for gender equality. First, equity is valuable in and of itself
and equal participation by both genders at all levels of decision-making is a basic human
right. Second, women play a fundamental role in development and gender equality is pro-
moted in order to increase efﬁciency. For a detailed discussion on gender equality and de-
velopment, see Duﬂo (2012).
2 The Millennium Development Goal.
nse.
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examines the relationship between consumption smoothing and excess
female mortality. She ﬁnds favorable rainfall shocks in childhood to in-
crease the ratio of the probability that a girl survives to the probability
that a boy survives. For China, Qian (2008) ﬁnds that increasing total
household income has no effect on sex ratios; increasing female income
increases the survival rates for girls and the educational attainment for
all children whereas increasing male income decreases the survival
rates and the educational attainment for girls but has no effect on boys.
One of themore striking (and visible) examples of differential treat-
ment of boys and girls within households in developing countries is the
prevalent gender bias in education. In general, girls tend to receive less
schooling than boys, particularly so in rural areas, low income countries
and South Asia (Alderman et al., 1996; Behrman and Knowles, 1999).
The possible causes of this gender gap in schooling have been subject
to less study and, similarly, the nature of the relationship between
changes in households' economic conditions and differential treatment
in children's education is anything but settled.
The main empirical challenge in establishing the link between
households' economic conditions and differential investments in boys'
and girls' schooling is that economic conditions and intra-household al-
locations are endogenous to schooling and family structure. The esti-
mated effect of household income on children's developmental
outcomes might be spurious, because parental income and outcomes
for children may both be driven by an unmeasured factor. Randomized
experiments constitute one solution to this omitted-variables problem.
In the absence of evidence from such experiments, however, it is neces-
sary to rely on exogenous natural variations in combination with statis-
tical modeling strategies.
This paper develops and implements a strategy capturing the causal
effect of changes in households' economic conditions on differential
investment in children's primary education. In particular, I exploit the
exogenous variation in district income in Uganda over time caused by
rainfall shocks (measured as the natural log of annual rainfall minus
the natural log of long-term mean annual rainfall in the given district)
to study the causal effects of household income shocks on boys' and
girls' primary education attainment and achievements. Uganda is an ag-
ricultural country wheremore than 80% of thework force are employed
in the mainly rainfed agricultural sector. Agricultural practices depend
on natural weather patterns and variations in rainfall levels result in a
large variation in total agricultural output and farm incomes.3 Therefore,
rainfall shocks are plausible proxies for income shocks to households in
Uganda.4
Previous studies on differential treatment in education have primar-
ily been conducted with data from Asia, while this paper attempts at
explaining the phenomenon in an African setting.5 This is also the ﬁrst
paper to study how unexpected changes in households' economic con-
ditions affect students' academic performance and whether there are
any differential effects depending on gender.
In this paper, I use district level data covering the full census of chil-
dren in all primary schools in Uganda for a period of 24 years. Instead of
looking at idiosyncratic events (i.e. those that are experienced by the
household alone), I use aggregate risk, as reﬂected bydistrict level rainfall.
This might be more critical for rural households, since it is more difﬁcult
to insure away the aggregate risk through formal or informal mecha-
nisms.6 It is also important to understand, across a large number of co-
horts and in a representative sample of a national population, whether
an unpredictable variation in everyday environmental conditions affects
investment in children's education and if it differs across gender. Among3 See Asiimwe and Mpuga (2007) for more information on the implications of rainfall
shocks for household income in Uganda.
4 Other studies that have used rainfall as an instrument for income in developing coun-
tries are i.e. Miguel, 2005; Miguel et al., 2004; Paxson, 1992; Rose, 1999.
5 Examples of previous studies are Alderman et al., 1996; Behrman and Knowles, 1999;
Jacoby and Skouﬁas, 1997; Qian, 2008.
6 Townsend, 1994.other things, these ﬁndings are important for guiding policies that aim
at helping households cope with the year-to-year variation in economic
conditions, as opposed to policies that respond to extreme events.
When a household experiences a rainfall shock, there are two poten-
tial effects that could differentially affect investment in boys' and girls'
schooling. First, a transitory shock affects crop yields and hence, house-
hold income and food availability, and this will force the household to
reduce its current consumption. If the reduction in food consumption
and/or school expenditures has different effects on boys and girls,
then girls' enrollment and ability to perform in schoolmight be affected.
Second, in periods of transitory shocks, households are forced to look for
alternative income generating activities and food and therefore, the
demand for children's participation in home production increases. If
the domestic work load is differentially allocated across boys and girls,
this will affect both educational attainment and the achievement of
girls relative to that of boys. In the paper, I develop a simple human
capital model where parents view children's education as a form of
investment to illustrate these effects. I derive the equilibrium level of
schooling (enrollment) and the cognitive skills of boys and girls and
evaluate how enrollment and cognitive skills vary with income.
The empirical ﬁndings are broadly consistent with the model. I ﬁnd
negative deviations in rainfall from the long-term mean to have an im-
mediate and negative effect on female enrollment in primary schools
and the effect is strongest for older girls. Young girls are not affected
by rainfall shocks. A decrease in rainfall (relative to average local
rainfall) by 15 percent results in 118 fewer female students in grade 7,
which corresponds to a decrease of 5 percentage points in female en-
rollment. Conversely, I do not ﬁnd any relationship between rainfall
shocks and male enrollment. A decrease in rainfall by 15 percent only
decreases male enrollment in Primary 7 by 1 percentage point and
this effect is insigniﬁcant at standard levels. I alsoﬁnd thatwhen school-
ing is free of charge and bothmarginal boys and girls are enrolled, a neg-
ative income shock has an adverse effect on the test scores of female
students while I do not ﬁnd any effect on boys' academic performance.
The results imply that households respond to income shocks by varying
the enrollment and resources provided to older girls, while boys are to a
large extent sheltered. Moreover, the ﬁnding that older girls who have a
comparative advantage in home production are affected by rainfall
shocks, and not boys or younger girls, suggests that the driving mecha-
nism is the differential beneﬁt from child labor in home production. Spe-
ciﬁcally, while there is suggestive evidence that households in poor
countries respond to transitory income shocks by increasing child labor,
I ﬁnd that it is primarily older girls' labor that is used as a buffer.7
In the robustness section, I use a household dataset to examine
whether there is aggregation bias in the district level data. The analysis
indicates that ﬁndings from the district level data are consistent with
ﬁndings at the household level. Older girls of primary school age living
in households that experience negative deviations in rainfall from the
long-termmean are less likely to attend school compared to girls living
in households with average rainfall. The matching result from the
household data suggests that theﬁndings from the district level analysis
are not subject to aggregation bias.
I also exploit a natural policy experiment – the removal of school
fees in primary education – to estimate the effects of a reduction in
the (formal) cost of schooling on the enrollment and academic per-
formance of boys versus that of girls. While suggestive, the evidence
suggests that the removal of school fees has a large and positive effect
on the enrollment of both boys and girls, although it is stronger for
girls. Moreover, after the abolishment of user fees in primary schools,
a negative income shock has an even larger negative effect on female
enrollment, while boys still remain unaffected.
The remainder of the paper is organized as follows. Section 2 pre-
sents the conceptual framework and Section 3 describes the data. The7 I.e. Beegle et al. (2003) use data from Tanzania and ﬁnd that households respond to
transitory income shocks by increasing child labor.
9 Introducing savings and borrowingwould reduce parents' incentives to invest in edu-
cation but would not eliminate them. Speciﬁcally, if all investments are assumed to be
risky, parents will diversify their investments along several different alternatives, includ-
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the results for enrollment and test scores and Section 6 includes a
robustness analysis. Additional results are presented in Section 7 and
Section 8 concludes the paper.
2. Conceptual framework
This section presents a simple human capital model with intra-
household choices on the quality and quantity of children's education. I
use this framework to show how children's abilities in domestic work,
learning efﬁciency, expected returns to education as well as parental in-
come affect the household's investment in children's primary education.
When modeling intra-household decisions, the bargaining model is
preferred, since it accommodates the conﬂict of preferences and asym-
metric power relations within the household and further, women's
relative well-being depends on the relative bargaining power of the
spouses. However, this choice of model might not be obvious in a Sub-
Saharan African setting where women are responsible for most of
the agricultural production and domestic chores but have little to no
decision-making power within the household and where the male
head of household (i.e. husband, father or brother) determines the deci-
sions.8 The perception that women are less economically valuable is in-
tensiﬁed by institutional constraints and a legal setting that limits
women's rights to own property and access productive resources. In
this type of setting (i.e. a Ugandan setting) where cultural, social, and
legal institutions basically give all bargaining power to the man, one
could simply look at the outcomes from a male head of household
maximizing problem when modeling the household's decisions.
2.1. Basics
Assume that parents make decisions for their children. Each family
i does, for simplicity, have two children — a boy (denoted with sub-
script b) and a girl (denoted with subscript g). There is a continuum of
families, i ∈ [0,1], that could potentially send their children to school.
There are two periods. In period 1, the child works at home, goes to
school, or both. In the second period, the child is an adult and works
for a wage. In period 1, the parents derive a direct beneﬁt from the
child's domestic work, while in period 2 the parents beneﬁt from
transfers from their child (now an adult).
The parents' utility is
Ui ¼ u ci1
 
þ δci2 ; ð1Þ
where cti is ith parents' consumption in period t, δ is a discount factor
and u is a function, with u′ N 0, u″ b 0, and u‴ ≥ 0.
Cognitive skills, a, are acquired according to
ais ¼ αissis ; ð2Þ
whereαsi is the learning efﬁciency of a child of sex s in family i (which de-
pends on many factors, such as innate ability, child motivation, parental
motivation etc.). For simplicity, I assume an equal learning efﬁciency be-
tween boys and girls in family i, αbi = αgi = αi, and that αi is distributed
according to f(αi) over the unit interval. ssi is the fraction of time in period
1 spent in school by a child from family i of sex s, where ssi ∈ [0,1]. Alter-
natively, s could be interpreted as the division of resources (food) within
the family, i.e. between children of different sexes.
Parents' consumption in each time period is given by
ci1 ¼ y1− peib− peig þ ηb 1− sib
 
þ ηg 1− sig
 
; ð3Þ
and
ci2 ¼ y2 þ γbyaib þ γgyaig ; ð4Þ8 African Development Fund (2005).where yt is parental income (exogenous), p is the price of schooling for
one child, esi is a dummy variable taking the value of 1 if family i sends
the child of sex s to school, ηs(1 − ssi) is the income generated from
home production by the child in period 1, ysai is the child's income
whenworking as an adult in period 2, and γsysai is the share of the child's
income transferred to his/her parents.
Eq. (5) completes the model, relating child cognitive skills to the
child's income as an adult
yais ¼ ωsais; ð5Þ
where ωs is the return to education of a child of sex s. In this simple
model, parents are liquidity constrained and cannot borrow or save.
The only way of shifting income between periods is to alter the invest-
ment in children's education.9
In a Ugandan setting, it is reasonable to assume that girls' labor in
home production is viewed as more valuable than that of boys. Poor
households use their children's labor and in particular when parents
are working (informally or formally) outside the household and girls
often have to assist in the care of younger siblings and domestic chores
such as food preparation, fetching water, collecting ﬁrewood, washing
clothes, and taking care of the sick and old.10 Although biological condi-
tions might suggest sons to be stronger and more able to perform cer-
tain household tasks, daughters are often viewed as better substitutes
for mothers and more productive than sons in taking care of siblings
and other homeproduction tasks such as cleaning and cooking. Normal-
izing ηb, I thus assume that ηg N ηb ≡ 1. Lacking pension programs and
saving options, families in Uganda rely on their children as a source of
income at old age. In a society of patrilocal exogamy, it is reasonable
to assume that households perceive that a boy's contribution to the
household as an adult will be larger than a girl's transfer, since the girl
will marry and leave the natal household while the son will remain in
the family, implying that γb N γg. Finally, while the limited evidence
on the social returns to education suggests that ωg ≥ ωb, it is plausible
to assume that the expected private return (viewed by the parents or
the male head of household) is ωb N ωg.11
To simplify the notation, without loss of generality, I assume that
p = 1 and normalize θb to 1, where θs ≡ δγsωs. Given the above
assumptions, this implies that θg b θb ≡ 1.
2.2. Private optimum and equilibrium outcomes
The optimal choice of children's education can be found bymaximiz-
ing the parents' expected utility, Eq. (1), subject to the budget con-
straints (3)–(4). The ﬁrst-order condition of household i for a child of
sex s is
‐u′ c1ð Þηs þ αisθis ≤ 0 for ss ∈ 0;1½ ; ð6Þ
Thus, for a given ability of the child, αi, parents will choose to invest
in education up to the point where themarginal cost of more schooling,
taking the form of reduced time for domestic production, is equal to the
marginal gain, taking the formof increased transfer fromamore educat-
ed andhence higher paid child as an adult. The properties from this sim-
ple model are summarized below.
Proposition 1. a) It is always optimal for parents to invest in more (or at
the minimum as much) education of the boy as compared to the girl,
sb ≥ sg; b) A girl will attend school iff the boy is sent to school full-time;
c) a reduction in the boy's education is only optimal iff the girl works full-ing children's education (Glewwe, 2002).
10 The World Bank, 1993.
11 See Summers (1994) and the discussion in Section 6.
Income
GiS, BiS
Fig. 1. Enrollment of girls (in gray) and boys (in black) conditional on income is illustrated
by the concave curves and the derivatives of children’s enrollmentwith respect to income
shown by the convex curves.
240 M. Björkman-Nyqvist / Journal of Development Economics 105 (2013) 237–253time in domestic work; d) If both sb N 0 and sg N 0, a reduction in parental
income, y1, will on the margin only reduce investment in the girl's
education; e) a reduction in parental income, y1, primarily affects the girl's
cognitive skills, ag.
Proof. See the Appendix A.
These results are intuitive. From the ﬁrst-order condition, it follows
that for a given α, the marginal cost of schooling is lower and the mar-
ginal return is higher for boys as compared to girls. Thus, parents have
incentives to increase sb as far as possible, i.e. sb = 1, before investing
in the girls' education. For the same reasons, a change in parental in-
come, y, will affect sg as long as sg N 0 and thus, it will on themargin pri-
marily affect girls' amount of schooling and academic performance.12
Given the assumption that parents differ in the innate ability of their
children, αi, we can derive the equilibrium number of boys and girls in
school and their average cognitive skills (αisi) for a given (average) in-
come y1. Formally, the shares of boys (BiS) and girls (GiS) in school are
BiS ¼ 1−F α1 yð Þð Þ ð7Þ
and
GiS ¼ 1−F α3 yð Þð Þ; ð8Þ
where α1 = u′(y + ηg) and α3 ¼ u′ yþ ηg‐2
 
ηg
θg
are the threshold
values of α for boys and girls, for a given y, and when ss = 0. Note
that α1 b α3.
Proposition 2. If f (α) is symmetric and unimodal and at least half the
population of girls is enrolled in school, then an income shock will have a
larger effect on the enrollment of girls than on that of boys.13
Proof. Differentiating BIS and GIS with respect to y gives:
dBiS
dy
¼− f α1 yð Þð Þα ′1 yð Þb
dGiS
dy
¼− f α3 yð Þð Þα ′3 yð Þ:
If f(α) is symmetric and unimodal, then f(α) is maximized at α ¼ 12
and f′(α) N 0 for α b 12. Since α1 b α3, it follows that f(α3(y)) N f(α1(y))
for all α3≤ 12. Moreover,−α′1 yð Þ ¼−u″ yþ ηg
 
b−u″ yþ ηg−2
 
ηg
θg
¼
−α ′3 yð Þ since u‴ N 0, ηg N 1 and θg b 1.14
Intuitively, if the marginal cost is higher and the marginal return is
lower for girls' schooling, parents will, if possible, adjust the amount of
schooling and the resources provided to girls in response to an income
shock. These individual effects will also guide the aggregate outcome,
provided that most households send both their children to school.
In the empirical part, I test the predictions in Proposition 2 by using
rainfall shocks as a proxy for income shocks to empirically evaluate
whether an income shock has a larger effect on girls' schooling than
that for boys. The theoretical model is explored to say something
about the mechanism underlying the results. The model depicts three
possible mechanisms: child labor in home production, transfers from
children (as adults), and returns to education. The last two channels,
transfers from children as adults and returns to education, are indepen-
dent of the child's age. However, the child labor mechanism which12 Given the assumption that ηs and θs differ across boys and girls, assuming decreasing
returns to education by using a concave cognitive ability function does not render the pre-
dictions in the model.
13 The share of girls enrolled in primary school in Uganda during the period 1989–2002
was higher than 50% (The World Bank, 2002).
14 Proposition 2 states the sufﬁcient conditions for dBiS/dy b dGiS/dy. Assuming a specif-
ic distribution, it can be shown that the results typically holdmore generally. For example,
if f(α) is uniform, then dBiS/dy b dGiS/dy independent of the population of girls enrolled in
school, provided that some girls are indeed in schools. If f(α) is a beta distribution, the re-
sults will hold for α3 N12 (i.e. when less than half the population of girls is in school), pro-
vided that ηg is large.assumes that girls have a comparative advantage in home production
should only be true for older girls and hence, it should not affect youn-
ger girls who are still too immature to take on responsibility at home. If
the sex-speciﬁc results in the empirical part are also age-speciﬁc, so that
only older girls are affected by rainfall shocks, this would suggest that
the driving mechanism is the parents' value of older girls' labor in
home production.
Fig. 1 illustrates the property of Propositions 1 and 2 for the case
where αi is distributed according to a beta distribution over the interval
[0,1].15
The two concave curves show the enrollment of girls (gray line) and
boys (black line) and the convex lines in the lower part of the ﬁgure de-
pict the derivatives of the enrollment of girls and boys with respect to y.
I can also do comparative statics on changes in the formal cost of
schooling, p, as well as study whether the effect of income shocks on
boys' and girls' enrollment is different in poor and wealthy districts.
The results are rather complicated and discussed in Section 7 where I
empirically estimate conditional effects.
The average ability of boys enrolled in school is
ab¼ BiS⁎ yð Þ
Z 1
α2
αf αjα≥α2ð Þdα þ BiS⁎⁎ yð Þ
Z α2
α1
αSb α; yð Þ f αjα1<α<α2ð Þdα
ð9Þ
and for girls
ag¼GiS⁎ yð Þ
Z 1
α4
αf αjα≥α4ð ÞdαþGiS⁎⁎ yð Þ
Z α4
α3
αSg α; yð Þ f αjα3<α<α4ð Þdα;
ð10Þ
where BiS⁎(y) [GiS⁎(y)] is the share of enrolled male [female] students
that are in school full time (ss = 1) and BiS⁎⁎(y) [GiS⁎⁎(y)] is the share
of enrolled male [female] students that are in school less than full time
(0 b ss b 1). The ﬁrst part of Eq. (9) [Eq. (10)] is the average ability of
boys [girls] who are sent full-time to school, weighted by the size of
this group and the second part of the equation is the average ability of
boys [girls] who are sent part-time to school weighted by the size of
the group. The threshold values for α, for a given y and when ss = 1,
are α2(y) = u′(y + ηg − 1) and α4 yð Þ ¼ u′ y−2ð Þηgθg . ss = Ss(α,y) is the
fraction of time spent in school for children not enrolled full time and
ss is a function of α and y and deﬁned from the ﬁrst-order condition,
Eq. (6).15 In Fig. 2, I assume u(c) = ln(c), ηg = 1.1, and θg = 0.9.
Income
Ability
Fig. 2. Average ability of girls (gray line) and boys (black line) conditional on income.
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higher than that of boys, αb, although the girls' average cognitive skills,
ag,may not be higher. b) a negative income shock has two effects on aver-
age cognitive skills: (i) more marginal students drop out which will raise
the average ability of the remaining students and (ii) less resources will
be provided to the child, or less time will be spent in school, which will re-
duce the average ability. Which of the two effects that dominates is
ambiguous.
How does an income shock affect average ability? As is evident from
Eqs. (9) and (10), even in this simple model, the total impact depends
on a number of factors and it is difﬁcult to derive closed form solutions.
However, numerical simulations suggest that the resource effect domi-
nates for low y, while the selection effect dominates for high y. More-
over, as long as a sufﬁcient number of girls are in school, the effect is
larger for girls than for boys.
Fig. 2 depicts one of these numerical simulations.16 In this particular
example, for sufﬁciently low income levels, there are no girls (gray line)
enrolled in school. The average ability of boys (black line) is always
higher than the average ability of girls up to some high level of income.
For relevant parameter values (i.e. when more than 20% and less than
80% of the girls are enrolled in schools) dagdy N
dab
dy , an income shock will re-
duce the average ability of girls more than the average ability of boys.
In the empirical part, I am testing these predictions by using primary
school test scores as a proxy for cognitive skills. I estimate the effect of
an income shock (using rainfall shock as a proxy) on girls' and boys' per-
formance on the standardized test in primary school. If the empirical re-
sults show a larger effect for girls than for boys, the theoretical model
suggests that the resource effect dominates.18 For further information on how the basic rainfall variable, Rdt, was constructed, see the
Appendix A.
19 When testing for serial correlation across years by district, I was unable to reject the
hypothesis that rainfall follows awhite-noise process in all but 10% of the districts. Exclud-
ing thesedistricts inmy sample doesnot quantitatively change the result.Moreover,when
computing Newey–West robust standard errors, allowing for serial correlation with up to
10 lags, the result does not change.
20 The results are robust to using the level of rainfall but I choose to use the log version3. Data
Themain analysis in this paper uses andmerges data from three dif-
ferent administrative records. Enrollment data, by grade and gender, for
the period 1979 to 2003 and for each of Uganda's districts, were collect-
ed from the Education Management Information System (EMIS) of the
Uganda Ministry of Education. The underlying information is collected
at the beginning of each year from all primary schools by the Ministry
of Education and is then aggregated to the district level.
Test score data for the years 1989 to 2002 were collected from the
Uganda National Examination Bureau. Obviously, a useful measure of
students' academic performance must be comparable between all
schools and districts. Primary Leaving Exams (PLE) fulﬁll this require-
ment as these standardized tests in Math, English, Science, and Social
Studies are conducted yearly on all grade 7 students in Uganda.17 Each16 I simulate ability using the same parameter values and distribution function as in
Fig. 1.
17 Note that the test score (unlike enrollment) data are available at the individual level.of the subjects is graded from 0 to 8 and I use the sum of the four tests
as the primary test score measure. There are pros and cons with using
PLE as a measure of academic performance. One advantage is that
almost all students in the last grade of primary school (grade 7) take
the test. Passing the test is a requirement for acceptance into secondary
school, so students have strong incentives to do their very best on the
test. A possible concern is that average PLE scores across districts may
not display a great deal of variation.
Rainfall data, used as a proxy for household income at the district
level, have been collected from the Meteorological Department at the
Ministry ofWater, Land and Environment. The data includemonthly re-
cords for each station from 1951 through 2003, although most stations
had shorter time-series of data from 1975; some stations also lack data
for somemonths per year. The rainfall measure was used to construct a
basic weather variable representing total rainfall (in millimeters) by
district d and year t, Rdt.18 To construct a transitory rainfall variable, it
should also be known how current rainfall deviates from its expected
value, Rdt . If rainfall were serially correlated across years, one would
have to forecast the expected value of rainfall for each region in each
year. However, rainfall does not appear to be serially correlated: I am
unable to reject the hypothesis that rainfall follows a white-noise pro-
cess.19 Thus, I can set Rdt ¼ Rd , historical rainfall over time in district d.
The transitory rainfall variable is given by the deviation of yearly rainfall
from the historical mean of rainfall for the district. Speciﬁcally, the var-
iable is the natural log of yearly rainfall minus the natural log of long-
term mean annual rainfall in the given district, i.e. ln Rdt−1−ln Rd ,
where the long-termmean annual rainfall for a particular district is cal-
culated over the years 1975–2003. The log rainfall variable simpliﬁes
the interpretation and should be interpreted (roughly speaking) as the
percentage deviation from mean rainfall (e.g. a value of −0.05 means
that rainfall was approximately 5 percent less than normal).20
A negative rainfall shock refers to rainfall less than the long-term
mean for the district and a positive rainfall shock refers to rainfall
above the mean in the district. According to the regressions on rainfall
shocks and crop production in Table 2, a negative rainfall shock is also
equivalent to a bad shock to crop production and a positive rainfall
shock is equivalent to a beneﬁcial shock to agricultural production. Be-
sides this core variable, I also experiment with several other rainfall
shockmeasures.21 Fig. 3 depicts scatterplots of yearly rainfall in a subset
of districts fromdifferent regions and rainfall zones in Uganda. The plots
illustrate the large variation in yearly rainfall within districts and that
rainfall data do not appear to be auto-correlated.
The schooling data used in the main analysis are the full census of all
primary school children in Uganda aggregated at the district level. The
beneﬁt of using these data is that it is not subject to sampling error as a
representative sample of micro data might be. By using the aggregate
data for an extensive period of 24 years, I am able to establish the effect
of a rainfall shock on the enrollment of a large number of cohorts of chil-
dren in primary school in Uganda. Moreover, by focusing on aggregate
sources of risk, such as district level rainfall shocks, I am studying risks
that might be more critical to rural households since it is more difﬁcult
to insure away aggregate risk than idiosyncratic risks.22 Findings from
the district level analysis could be used by policy makers to understand
larger scale effects of income shocks on educational achievements,because of the simpler interpretation. The log variable is also used in other papers explor-
ing rainfall shocks (e.g. Maccini and Yang, 2009).
21 See section 6 on robustness analysis.
22 Townsend (1994).
Table 1
Summary statistics by district.
Mean Median St.dev Obs
Female students in P1 11,336 8839 9408 652
Female students in P2 7717 6076 6054 652
Female students in P3 7081 5487 5637 652
Female students in P4 6006 4565 5155 652
Female students in P5 4813 3535 4195 652
Female students in P6 3682 2749 3202 652
Female students in P7 2462 1896 2148 652
Male students in P1 12,541 9755 10,875 652
Male students in P2 8528 7029 6190 652
Male students in P3 7905 6712 5615 652
Male students in P4 6892 5492 5907 652
Male students in P5 5572 4526 4289 652
Male students in P6 4604 3843 3384 652
Male students in P7 3623 3113 2536 652
Deviation of log rainfall from mean −0.006 −0.005 0.15 652
Yearly average rainfall (mm) 1291 1272 344 652
Aggregate test score 11.50 11 8.43 1,667,447
Aggregate test score female students 11.09 10 8.53 682,206
Aggregate test score male students 11.79 11 8.34 982,580
Total students taking the PLE per
district and year
8072 7274 4748 1,667,447
Female students taking the PLE
per district and year
3976 3216 2771 682,206
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Fig. 3. Scatterplots of average yearly rainfall for some sample districts.
242 M. Björkman-Nyqvist / Journal of Development Economics 105 (2013) 237–253conditional on gender across districts. The downside of using district
level data is the possible aggregation bias. Therefore, I have collected
household data for the three years available in order to study if the dis-
trict level results are consistent with ﬁndings from micro data. I use a
pooled cross section of household data from the 1999/2000, 2002/03,
and 2005/06 Uganda National Household Surveys. Random samples
were drawn during each survey round and hence, pooling the resulting
random samples provides an independent pooled cross section.23 The
beneﬁt of using a pooled cross section is that it helps achieve more
precise estimators and test statistics with more power. As a source of
exogenous weather variation for the households, I use the TRMM
Multi-Satellite Precipitation Analysis (TMPA) database of monthly rain-
fall estimates for the period 1998–2006.24 The resolution of the TMPA
precipitation data is at a 0.25 latitude and longitude degree interval. I
match the GPS coordinates of the villages in the household survey with
the 0.25 gridbox for rainfall to get a good estimate of village precipita-
tion.25 In total, the TMPA database has 690 gridpoints covering Uganda
and I match these with the household dataset. The ﬁnal sample includes
228 localities across all regions in Uganda for which I have matched
household and rainfall data. In the household analysis, I use the same
deﬁnition of a rainfall shock as in the district level analysis. I.e. the tran-
sitory rainfall variable is given by the natural log of yearly rainfall minus
the natural log of mean annual rainfall in a given community.
3.1. Descriptive statistics
Summary statistics by district are presented in Table 1. Information
on enrollment for the period 1979–2003 shows that, on average, more23 Deaton (1997) and Wooldridge (2000).
24 The TMPA data are publicly available on the web at http://disc2.nascom.nasa.gov/
tovas/.
25 As suggested by NASA's Goddard Earth Sciences (GES) Data and Information Services
Center (DISC).boys than girls are enrolled in primary school and the sex imbalance
in enrollment increases by grade. In grade 1 there are, on average, 9%
more boys than girls enrolled while in grade 7, the difference between
male and female enrollment has increased to 32%. Summary statisticsMale students taking the PLE per
district and year
4454 3952 2323 982,580
Notes: Summary information for the period 1979–2003. Enrollment data are disaggregated
by grade, district and year. Test score data are the average district score of the grade 7
students' Primary Leaving Exam (PLE) for the years 1989–2002. The rainfall measure is
the natural log of rainfall minus the log of mean rainfall in the district for the period
1975–2003.
10
00
00
0
20
00
00
0
30
00
00
0
40
00
00
0
50
00
00
0
Co
ffe
e
-.2 -.1 0 .1 .2
Log rainfall shockbandwidth = .8
Lowess smoother
Fig. 4. The effect of rainfall shocks on coffee production at the national level.
Table 2
Effect of rainfall shocks on crop yields and income at the national level.
Dependent variable Coffee Bananas Peas log (GDP)
Deviation of log rainfall
from mean
4358⁎⁎ 7.89⁎⁎ 0.022⁎⁎ 5.65⁎⁎
(1796) (3.38) (0.01) (2.77)
R2 0.23 0.19 0.19 0.09
Observations 23 24 24 25
Notes: The dependent variable is average crop production and gross domestic product in
the country. Coffee data aremeasured in 1000 tons and available for the years 1977–2002,
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Fig. 5. The effect of rainfall shocks on banana production at the national level.
243M. Björkman-Nyqvist / Journal of Development Economics 105 (2013) 237–253on rainfall for the period show that the average deviation between nat-
ural log of yearly rainfall and the natural log of historical rainfall is −
0.006 log points and the standard deviation is 0.15 log points per year.
On average, it rains 1291 mmper district and year. Descriptive statistics
of Primary Leaving Exam (PLE) test scores for the years 1989–2002 in-
dicate that the test score ranges from 0 to 32 and the average test
score is 11.50. On average, female students score 0.70 points worse
than male students on the test. The average number of students taking
the test per district and year is 8072.data on bananas and peas are measured in 1000 tons and are available for the years
1978–2002, and gross domestic product data are measured in USD billion and are avail-
able for the years 1980–2005.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.4. Identiﬁcation strategy
The main problem in identifying the link between households' eco-
nomic conditions and differential investments in children's education
is that both may be partly related to omitted household characteristics.
The failure to control for these household variables will bias the esti-
mates since household income and girls' education might be jointly de-
termined by this omitted variable. Omitted district-speciﬁc variables
may also create some concern if, for example, households in some dis-
tricts are more progressive than households in other districts (i.e. be-
cause of different cultural norms across ethnic groups), which could
affect both girls' enrollment in primary school and household income.
I avoid these problems by looking at plausibly exogenous income
shocks in Uganda across districts and over time. Rainfall shocks consti-
tute a good proxy to household income shocks in Uganda for several
reasons.26 Rainfall is the most important dimension of weather varia-
tion in Uganda. Because of its equatorial location, temperature shows
very little variation, bothwithin years and across them. Uganda is an ag-
ricultural country and much of Uganda's agricultural production activi-
ties are rainfed, meaning that changes in weather conditions have
important implications for the households' total agricultural production
and wellbeing.27 The mainly rainfed agricultural sector employs more
than 80% of the workforce and 40% of Uganda's total output is obtained
from rainfed agriculture. Hence, rainfall shocks constitute an important
determinant of variation in household income. Figs. 4 and 5 show that
deviations of rainfall from the historical mean are associated with devi-
ations of crop yields in Uganda (years with rainfall higher than average26 Note thatMiguel et al. (2004) ﬁnd a close relationship between rainfall andGDP at the
cross-country level.Moreover, Levine andYang (2006)ﬁnd that deviations of rainfall from
the district level mean are positively associated with agricultural output in Indonesia in
the 1990s.
27 Asiimwe andMpuga (2007) show that rainfall shocks have important implications for
household production and agricultural income for households in Uganda.have larger crop yields, and years with low rainfall have lower crop
yields).
In an ideal setting, I would use rainfall as an instrument for house-
hold income in a ﬁrst-stage regression and income as a determinant of
investment in education in a second-stage regression. Unfortunately,
district-speciﬁc income data over time are not available and I will there-
fore study the reduced form relationship between rainfall shocks and
investment in boys' and girls' education. However, national time-
series data on crop production and national income are available and
are used to show that there exists a relationship between rainfall shocks
and agricultural production and income.28 Table 2 and Figs. 4–6 depict
the relationship between the rainfall shock measure at the national
level ln Rt−ln R
 
and the yield of the main staple food (banana), the
main export crop (coffee), and the Gross Domestic Product. For both
the crops and the Gross Domestic Product, ln Rt−ln R
 
enters highly
signiﬁcant and with the predicted positive sign. This positive relation-
ship between the rainfall measure, agricultural production, and income
at the national level provides conﬁdence for using rainfall shocks as a
proxy for exogenous household income shocks at the district level.
A concern when looking at the reduced form relationship between
rainfall shocks and educational outcomes is if rainfall affects education
through some other channel other than income. However, it is unlikely
that rainfall shocks would have a direct impact on differential invest-
ment in the education of boys and girls. One possible channel through
which rainfall shocks could alter children's enrollment is through28 National data on income are available for the years 1980–2005 and data on crop pro-
duction are available for the period 1979–2003.
30 I am not able to estimate the effect at the school level, since the collected raw data are
only coded by district level.
31 The inverted-U shaped relationship suggested by Fig. 9 is similar to the predictions in
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Fig. 6. Rainfall shocks and GDP at the national level.
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to damaged roads would affect boys' and girls' enrollment equally. Al-
ternatively, if the unusual rainfall damaged the family's property and
the boy needed to help in reconstruction, there would be a downward
bias in the estimates. Another concernwould be if unusual rainfall alters
the disease environment, and these diseases differentially affect boys
and girls. However, according to the Ministry of Health in Uganda,
there is no prevalent disease appearing in unusual rainfalls that affects
boys and girls differently.29 Further supportive evidence that there are
no diseases affecting boys and girls differently in periods of unusual
rainfall is provided in Speciﬁcation 3 in Table 9. Household data show
no difference between boys' and girls' reported number of days sick in
periods of rainfall shocks. Hence, this potential channel is also ruled out.
Another possible concern is the post-birth sex ratio that may vary
across time and over space due to endogenous mechanisms like migra-
tion and mortality. Variation in the cross-section over time driven by
differences across age groups would challenge the identiﬁcation. Fig. 7
plots the fraction of males in Uganda by age and time using the 1969,
1991, and 2002 Population Census. The fraction of males in all age
groups below 15–19 (i.e. primary school age children) is stable over
time. Further, in the 2002 Population Census, the fraction of males
among newborn children was 49.6% and there is no evidence of differ-
ences in population growth rates of boys and girls of primary school
age between 1991 and 2002. Fig. 8 looks at each district separately
and compares the sex ratio between children aged 0–4 in 1991 to the
sex ratio of the same cohort 10 years later, i.e. children aged 10–14 in
2002. The pattern reveals a stable cohort sex composition across dis-
tricts. In addition, the 2002 Population Census also collected detailed in-
formation on internalmigration by gender and age groups. The sex ratio
of internal migrants aged less than 15 years old was close to 50% and
there was no difference in the sex ratio between migrants to rural and
urban areas or between different regions in Uganda. The sex composi-
tion among school age children in Uganda, across time and over space,
can be interpreted as exogenous.
In the empirical analysis, I ﬁrst consider the relationship between in-
come shocks and primary school enrollment. More speciﬁcally, I test for
differences in female andmale enrollments, Ydt, in district d and year t in
the wake of transitory rainfall shocks using the following reduced-form
linear regression:
Ydt ¼ α þ β lnRdt‐1−lnRd
 þ δt þ μd þ εdt: ð11Þ29 Personal communication with Dr. Solome K. Bakeera and Dr. Francis Runumi
Mwesigye.The coefﬁcient of interest is β, the impact of the natural log of devi-
ation in rainfall in year t − 1 from the log of historical mean in district d
ln Rdt−1−ln Rd
 
on enrollment conditional on gender. δt is a linear time
trend, μd is district ﬁxed effects, and εdt is the error term. Due to serial
and spatial correlation in error terms, standard errors allow for an arbi-
trary variance–covariance structure within districts (clustering by dis-
trict). This regression is estimated separately for female students, male
students, and total students.
The identifying assumption in Eq. (11) is that the natural log of
deviation in rainfall from its long-term mean, ln Rdt−1−ln Rd
 
, is
uncorrelated with the error term εdt, i.e. there are no omitted variables
correlated with ln Rdt−1−ln Rd
 
. Clearly, the education levels of girls
and boys are affected by other factors than income. Some of these fac-
torsmay also be related to the pattern of rainfall over time. For example,
districts with a high average rainfall may be populated by more house-
holds and these householdsmay, on average, have different characteris-
tics than households in districts with less average rainfall (e.g. higher
income, more progressive view towards women). These characteristics
may, in turn, inﬂuence the educational choice of boys and girls. Similar-
ly, districts with a high variation in rainfall may be populated by more
risk-averse people and they may also have different preferences for op-
timal levels of education for girls and boys. In the robustness section, I
control for the mean and standard deviation of rainfall and this does
not affect the estimates. Other potential time-invariant variables may
also inﬂuence Ydt. The inclusion of district ﬁxed effects controls for
these persistent ﬁxed effects of rainfall in the localities where the chil-
dren live. Any omitted variable with common effects on the enrollment
of girls and boys living in the same districts should be absorbed by the
district ﬁxed effects.
In addition to studying the effect of income shocks on enrollment, I
study the relationship between rainfall shocks and school performance
measured by test scores. To this end, I use the following speciﬁcation:
TSidt ¼ α þ θ1 lnRdt−1−lnRd
 þ δt þ μd þ εidt ; ð12Þ
where TSidt is the test score of individual student i in district d and year t.
ln Rdt−1−ln Rd
 
is the natural log of rainfall in year t − 1 minus the
natural log of the historical mean in the given district d. δt is a linear
time trend, μd is district ﬁxed effects, and εidt is the individual speciﬁc
error component. The regression is run separately for girls and boys
and the parameter θ1 gives an estimate of the effect of a short-term rain-
fall shock on girls' and boys' academic performance.30 Errors are as-
sumed to be iid between districts but correlated within districts, i.e.,
standard errors are clustered by district.
5. Results
5.1. Enrollment
Fig. 9 depicts the correlation between district income and girls' and
boys' enrollment in grade 7. Although the locally weighted regression
does not provide any causal evidence, it reveals a relationship between
income and enrollment similar to that predicted in the theoretical
model. For low levels of income, very few girls attend school and there
is a large gap between girls' and boys' enrollment. When a sufﬁciently
large number of girls are enrolled in primary school, an income shock
will have a larger effect on girls than on boys (indicated by the slope
of the curves) up to some high level of income.31the theoretical model (Fig. 1). For low levels of income, mainly boys are enrolled in school
and an income shock would primarily affect boys. For higher levels of income, marginal
girls are also enrolled in school and the effect of an income shockwould be larger for girls
than for boys.
Fig. 7. Sex ratios by age and time period in Uganda.
Fig. 8. Sex ratios for children 0–4 and 10–14 years old by district in Uganda.
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Fig. 9. Correlation between district income and enrollment in grade 7.
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ables. To study the causal effect of household income shocks on invest-
ment in education conditional on gender, I use exogenous rainfall
shocks as a proxy for household income. Estimates of the reduced-
form equations are presented in Table 3. Regressions are run separately
for each primary grade in order to study age-speciﬁc effects. For each
grade, the coefﬁcient on the rainfall variable is presented for girls
(Panel A), boys (Panel B), and all students (Panel C). Panels D and E
study whether lagged rainfall shocks matter. Standard errors are
presented in parentheses and the sample size in brackets. Coefﬁcients
for the many ﬁxed effects and time trends are not shown.
The result in Panel A of estimating Eq. (11) for the female sample
shows that there is a positive relationship between the deviation of
rainfall from themean and girls' enrollment for all grades. This indicates
that rainfall below the long-term mean decreases female enrollment in
primary schools. Looking at the effect across grades, it is also apparent
that rainfall shocks are especially important for older girls. The effects
are highly signiﬁcant for girls in grades 6 and 7. When discussing the
magnitudes of the estimated effects, I focus on the impact of a 0.15 log
point change – one standard deviation – in the rainfall variable (the
Table 3
Effect of rainfall shocks on enrollment.
Primary school grade P1 P2 P3 P4 P5 P6 P7
Panel A: female enrollment
Observations: 652
Deviation of log rainfall from mean 1662 233 1339 576 885 961⁎⁎ 787⁎⁎⁎
(2076) (1147) (945) (947) (617) (456) (292)
Panel B: male enrollment
Observations: 652
Deviation of log rainfall from mean 2355 634 1050 530 759 365 409
(2195) (1166) (985) (851) (678) (549) (430)
Panel C: total enrollment
Observations: 652
Deviation of log rainfall from mean 3991 866 2389 1105 1644 1325 1197⁎
(4163) (2290) (1920) (1641) (1245) (982) (699)
Panel D: female enrollment
Observations: 599
Deviation of log rainfall from mean 1953 235 1473⁎ 656 1078⁎ 1118⁎⁎⁎ 852⁎⁎⁎
(1961) (1049) (852) (1020) (588) (426) (274)
Deviation of log rainfall from mean (t − 1) −1210 77 −79 649 280 255 395
(1838) (1053) (1068) (1040) (672) (555) (370)
Panel E: male enrollment
Observations: 599
Deviation of log rainfall from mean 2935 811 1180 902 991 603 618
(1986) (1060) (878) (759) (611) (475) (377)
Deviation of log rainfall from mean (t − 1) 839 183 157 −339 79 −31 54
(2748) (1067) (1005) (992) (731) (556) (418)
Notes: The sample is all children enrolled in primary school between 1979 and 2003 inclusive. Each coefﬁcient (standard error) is from a separate regression of the dependent variable on
rainfall (deviation of log rainfall in district from log of 1975–2003 district mean rainfall). Panel A is regressions on girls separately; Panel B is regressions on boys; Panel C is regressions on
all students; Panels D and E are regressions on girls and boys, respectively, when including lagged rainfall shocks. The standard errors are clustered by district. All regressions include dis-
trict ﬁxed effects and a linear time trend.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
246 M. Björkman-Nyqvist / Journal of Development Economics 105 (2013) 237–253deviation of log rainfall from the log of districtmean rainfall). A 15%, or a
one standard deviation, decrease in rainfall from the historical mean
cuts enrollment by 118 girls in grade 7 in a typical district and the effect
is precisely estimated at the 1% level. This is a substantial effect and cor-
responds to a 5 percentage point reduction of the 2462 girls enrolled in
grade 7 in an average district.
The results for boys' enrollment are presented in Panel B. In stark
contrast, there is no indication that the enrollment of boys is affected
by deviation in rainfall from the mean. Almost all coefﬁcients on the
rainfall variable in all regressions are smaller in magnitude than the
corresponding coefﬁcients in the female regressions, and none are20
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Fig. 10. Locally weighted regression on rainfall and female and male enrollment.statistically signiﬁcantly different from zero. According to the point esti-
mates, a 15% (or one standard deviation) decrease in rainfall from the
long-termmean leads to a reduction of 61 boys in grade 7 in the average
district, which only corresponds to 1.6 percent of the average number of
male students (3623). Moreover, the effect is statistically insigniﬁcant.
Fig. 10 depicts the results from a locally weighted non-parametric
estimation on rainfall shocks and female and male enrollment in
grade 7. This graph visually shows the positive relationship between
rainfall shocks and enrollment and the differential effects by gender as
indicated in Table 3. There are always more boys than girls enrolled. In
periods of rainfall below the mean, the ratio of boys to girls in primary
school increases since girls are dropping out of school. This effect be-
comes stronger for larger negative rainfall shocks. When districts expe-
rience rainfall above the mean, the ratio of boys to girls enrolled
decreases and bothmore girls and boys enroll in primary school. For ex-
treme positive rainfall shocks (ﬂoods), there is a decrease in the enroll-
ment of both boys and girls. Fig. 10 (and similarly also Figs. 4 through 6)
suggests that there are non-monotonicities and I test for this in
Section 6, the robustness section, but I do not ﬁnd any effects. These
non-monotonicities are driven by outliers and a lownumber of observa-
tions at the end points. The enrollment results become even stronger if I
run the regressions excluding these outliers.32
The plots of rainfall shocks on agricultural production in Figs. 4 and 5
jointwith the results in Table 3 suggest an explanation for these results.
Rainfall less than the long-termmean has a negative impact on agricul-
tural output which leads to lower household incomes and worsened32 The outliers causing the non-linearity in Fig. 10 are less than 1% of the data points. For
transparency, I run the regressions including them but if I exclude them the results be-
come even stronger. I also think it is interesting to observe that very large positive rainfall
shocks, ﬂoodings, have a negative impact on enrollment (result shown in Table 5).
Table 4
Effect of rainfall shocks on academic performance.
Speciﬁcation Dependent variable: test scores
(1) (2)
Panel A: female enrollment
Deviation of log rainfall from mean −0.42 −2.21⁎
(0.79) (1.11)
Universal primary education reform 2.14⁎⁎
(0.83)
Universal primary education reform x
deviation of log rainfall frommean
2.89⁎⁎
(1.31)
R2 0.15 0.15
Observations 682,206 682,206
Panel B: male enrollment
Deviation of log rainfall from mean −0.78 −2.12⁎⁎⁎
(0.70) (0.95)
Universal primary education reform −1.04
(0.72)
Universal primary education reform x
deviation of log rainfall frommean
2.24
(1.47)
R2 0.12 0.12
Observations 982,580 982,580
Notes: The sample is grade 7 children participating in the Primary Leaving Exam between
1989 and 2002 inclusive. Speciﬁcation: (2) Controlling for theuniversal primary education
reform in primary schools. UPE is an indicator variable for the years when user fees were
abolished in primary schools. Each coefﬁcient (standard error) is from a separate regres-
sion of the dependent variable on rainfall (deviation of log rainfall in district from log of
1975–2003 district mean rainfall). Panel A is regressions on female students and Panel B
is regressions on male students. All regressions include district ﬁxed effects and a linear
time trend. Standard errors are clustered by district.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
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discussed in Section 2 highlights several mechanisms that could explain
differential investment in children's education as a response to negative
income shocks and in particular whymainly older girls would be affect-
ed. I will use these mechanisms to say something about what is driving
the empirical results. The returns to education (ωs in themodel) and the
share of the child's income (as an adult) transferred to his/her parents
(γs in the model) are not likely to be a function of the child's age or
the primary grade in which the child is enrolled. Hence, if the returns
to education and transfers to parents as an adult were the driving chan-
nels, I should not ﬁnd an age-speciﬁc effect. On the other hand,
children's productivity in domestic work is increasing in age since
older children are able to performmore tasks and take onmore respon-
sibility in home production than younger children, ∂ηs∂ageN0. The results in
Table 3 depict that sex-speciﬁc effects are also age-speciﬁc since only
older girls are affected by rainfall shocks. Thus, using themodel to inter-
pret the evidence in Table 3 suggests that the key mechanisms behind
the differential treatment of girls versus boys are related to the fact
that parents' values of child labor (for home production) differ across
sexes. Teenage girls with a comparative advantage in home production
(and who are better substitutes for mothers) are withdrawn from
school in periods of negative rainfall shocks while there is no effect for
very young girls or boys. That is, older girls must bear the bulk of the ad-
ditional work required at home in bad times.
Negative income shocks have a negative effect on girls' schooling,
while boys remain relatively unaffected, but do income shocks have a
permanent or temporary effect on girls' enrollment? To study this, I ex-
amine how lagged rainfall shocks affect children's enrollment. Speciﬁ-
cally, I include lagged rainfall shocks in regression Eq. (11) and the
results are found in Panels D and E in Table 3. If income shocks have a
temporary effect on enrollment, students withdrawn from primary
school in the year of an income shockwill return to school in the follow-
ing year, which will be indicated by a small, if not nil, value on the
lagged variables. The result depicted in Panel D suggests that lagged
rainfall deviations from themean do not affect girls' current enrollment.
However, when including lagged rainfall, the results are more precisely
estimated and the coefﬁcient on girls in grade 5 is now also signiﬁcant.
Older girls, in grades 5 to 7, are affected by rainfall shocks while boys
and younger girls are not affected by temporary income shocks.
To summarize, the results clearly indicate that households respond
to income shocks by varying the quantity of girls' education, while
boys are to a large extent sheltered. This ﬁnding is consistent with the
simple theoretical model presented in Section 2. Older girls are with-
drawn from primary school in periods when rainfall is deviating from
the long-term mean, while boys and younger girls are not affected and
the mechanism explaining this result, as outlined in the model, is girls'
perceived higher productivity in performing domestic chores. When
taking lagged rainfall shocks into account, the results become stronger
and more precisely estimated.
5.2. Educational achievements
Table 4 shows the results of estimating regression (12) and indicates
that transitory income shocks do not only affect investment in children's
education, but also children's academic performance. The results show
that rainfall shocks affect children's test scores differently depending
on the cost of schooling and the type of children enrolled in school. I ex-
plore this by studying the differential effect of rainfall shocks on boys
and girls before and after user fees were abolished in primary schools
(the Universal Primary Education reform). The abolishment of user
fees relaxes the ﬁnancial constraint of poor households and affects the
household's decision of whom to send to school. As illustrated in the
simplemodel in Section 2, the type of students enrolled in school differs
before and after the abolishment of user fees. Fig. 4 shows that in a dis-
trict with both less poor and poor households prior to the abolishment
of user fees, only the less poor group sent their girls to school whileboth the poor and the less poor group sent their boys to school. After
the cost reduction, also the poor group starts sending its girls to school
which leads to an increase in the enrollment of marginal girls.
Speciﬁcation 1 in Table 4 shows no impact of rainfall shocks on aver-
age test scores when merging the periods before and after the abolish-
ment of user fees. However, Speciﬁcation 2 shows that there is a
differential effect on children's enrollment depending on whether
there was a cost for attending school. As outlined in the theoretical
model, prior to the Universal Primary Education reform, when there
was a cost for attending school, boys and girls from the upper quintile
attended primary school but also marginal boys were prioritized. Spec-
iﬁcation 2 in Table 4 shows that a negative income shock in this period
affected both boys and girls. In periods of a negative rainfall shock and
hence, low household income, parents withdraw the worst performing
girls and themarginal boys and, as a consequence, there is an increase in
the average test scores. After the abolishment of user fees, there was no
cost of having children enrolled in school and hence, also marginal girls
were enrolled in school. The results now indicate that a rainfall shock
only affects girls. Girls score 2.89 points less on the standardized test
in periods of negative income shocks and this effect is signiﬁcant at
the 5 percentage level. Rainfall shocks do not have a signiﬁcant impact
on boys' test scores after the removal of user fees. This result is consis-
tent with the model in Section 2 when both marginal boys and girls
are enrolled. The selection effect causes marginal girls to be withdrawn
from school to work at home and only the girls in the upper quintile re-
main in school during negative rainfall shocks while boys belonging to
both the upper and the lower quintile remain in school. At the same
time, in periods with low rainfall, the upper quintile girls who remain
in school are provided with less resources within the household or
have to spend more time on domestic chores as compared to boys and
this resource effect causes even these upper quintile girls to perform
worse on the test as compared to boys. The effect of rainfall shocks on
Table 5
Effect of extreme rainfall shocks on enrollment.
Speciﬁcation Dependent variable: female enrollment in grade 7
(1) (2) (3) (4) (5)
Deviation of log rainfall from mean
N2 st.dev frommean
1359⁎
(745)
Negative log rainfall deviation
N2 st.dev frommean
−371⁎
(207)
Positive log rainfall deviation
N2 st.dev frommean
828
(534)
Extreme positive log rainfall dev
N700 mm from mean
−2782⁎⁎⁎
(559)
Deviation of log rainfall from mean 787⁎⁎⁎ 787⁎⁎⁎
(292) (292)
No. years with negative deviations
N1.5 st.dev
−221⁎⁎
(84)
No. years with positive deviations
N1.5 st.dev
1455⁎⁎
(216)
Log of yearly average rainfall 42.2
(435)
Log of standard deviation of rainfall 2805⁎⁎⁎
(379)
R2 0.91 0.91 0.91 0.80 0.80
Observations 652 652 652 652 652
Notes: The dependent variable is girls enrolled in grade 7 between 1979 and 2003 inclusive and rainfall deviations are measured as the deviation of log rainfall in district from log of
1975–2003 district mean rainfall. Standard errors are clustered by district. All regressions include district ﬁxed effects and a linear time trend.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
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when school is free of charge.33
The results show that when households have to pay for schooling,
both boys and girls are affected by rainfall shocks and the selection ef-
fect dominates so that households withdraw theworst performing chil-
dren (both boys and girls) when they face a negative income shock
which makes average test scores in the districts increase. However,
when schooling is free of charge, a transitory income shock only affects
girls' school performance. Boys are left in school since they are priori-
tized within the family and there is no cost of having them in school,
while the marginal girls are withdrawn and the girls who remain in
school are provided with less resources and/or have to spend more
time on household chores, which consequently has negative effects on
girls' performance in school.Table 6
Differential effects of rainfall shocks on crop yields.
Dependent variable Coffee/hectare
Negative deviation of log rainfall from mean −164⁎
(92)
Positive deviation of log rainfall from mean 29
(116)6. Robustness analysis
To study the robustness of the key explanatory variable, I experi-
ment with other rainfall shock measures alongside the core variable
that is the natural log of rainfall minus the natural log of mean annual
rainfall in the given districts lnRdt−1−lnRd
 
. Other rainfall shock mea-
sures used are rainfall deviations of at least 2 standard deviations from
the historical mean, a normalized dependent variable with the total
number of children in the district, and the log of rainfall minus the nat-
ural log ofmean annual rainfall in the district excluding the current year
in order to eliminate biases in the measure of the deviation from the
mean for those regions with shorter time-series. According to Table 5,
the effect of rainfall shocks on female enrollment is maximized when
using rainfall shocks larger than 2 standard deviations from the histori-
cal mean as the explanatory variable. According to speciﬁcation (2),33 The explanation described in the paper relies on the theoretical predictions from the
model that low quality girls are withdrawn from school in periods of negative income
shocks which bias the estimates on the girl–boy gap towards zero. However, if we disre-
gard the predictions from the model, the results that a negative rainfall shock decreases
girls' test scores could also be because higher quality girls left school to conduct homepro-
duction, inwhich case the estimated effects on the girl–boy gap in the test score are biased
upwards.when looking at positive and negative rainfall shocks larger than 2 stan-
dard deviations, I ﬁnd that negative income shocks drive the result.
I also study the individual effect of positive and negative rainfall
shocks using the main rainfall shock variable. First, I determine the ef-
fect of positive and negative deviations of log rainfall from the log
mean of rainfall on coffee production. The results in Table 6 show that
negative rainfall shocks decrease the coffee production in the district.
Then, I estimate the differential effect of positive and negative rainfall
shocks on children's schooling conditional on gender using the most
precisely estimated speciﬁcation and the results are presented in
Table 7. I ﬁnd that negative rainfall shocks decrease the number of
girls in primary grade 5 to 7 while it has not effect on younger girls. I
also ﬁnd that negative rainfall shocks affect boys in primary grade 7
and the effect is signiﬁcant at the 10% level. After exploring several dif-
ferent rainfall shock variables, I conclude that the results in this paper
are robust to alternative rainfall shock measures.
I also study how extreme positive rainfall shocks affect enrollment,
i.e. whether large positive rainfall shocks have a negative effect on en-
rollment. According to speciﬁcation (3) in Table 5, a large positive rain-
fall shock, i.e. a ﬂood, decreases the enrollment of girls in school and the
effect is signiﬁcant at the 1% level. The result indicates that an extreme
positive rainfall shock has a negative effect on enrollment and thisR2 0.46
Observations 320
Notes: The dependent variable is the average coffee output per hectare by district for the
period 1990–2002, measured in 1000 kg. The regression contains year and district ﬁxed
effects.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
Table 7
Differential effects of rainfall shocks on enrollment.
Primary school grade P1 P2 P3 P4 P5 P6 P7
Panel A: female enrollment
Observations: 596
Negative deviation of log rainfall from mean 568 −286 −1086 −542 −1794⁎⁎ −1311⁎⁎ −722⁎
(2299) (1348) (1331) (2042) (800) (612) (423)
Positive deviation of log rainfall from mean 5125 489 2489 862 607 1158 1216
(3319) (1685) (1707) (1363) (1318) (991) (730)
Lagged negative deviation of log rainfall from mean 1904 462 486 −1431 −151 286 189
(2885) (1290) (1202) (2091) (902) (715) (469)
Lagged positive deviation of log rainfall from mean −397 503 313 −329 281 746 1011
(3502) (2265) (2348) (2076) (1576) (1231) (896)
Panel B: male enrollment
Observations: 596
Negative deviation of log rainfall from mean −1909 −787 −1354 −1832 −1394 −747 −948⁎
(2821) (1325) (1202) (1161) (901) (633) (480)
Positive deviation of log rainfall from mean 4393 1103 1383 321 727 412 411
(3328) (1740) (1557) (1384) (1260) (986) (839)
Lagged negative deviation of log rainfall from mean −2691 732 43 741 168 372 612
(5701) (1360) (1104) (1112) (932) (665) (587)
Lagged positive deviation of log rainfall from mean −1133 978 217 −138 178 178 655
(3857) (2410) (2117) (1964) (1580) (1191) (935)
Notes: The sample is children enrolled in primary school between 1979 and 2003 inclusive. Each coefﬁcient (standard error) is from a separate regression of the dependent variable on
rainfall (the deviation of log rainfall in district from log of 1975–2003 district mean rainfall). Panel A is regressions on female students and Panel B is regressions on male students. All
regressions include district ﬁxed effects and a linear time trend and standard errors are clustered by district.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
Table 8
Descriptive statistics of household data.
Mean St.dev Obs
Number of communities 228 12.7 30,489
Number of villages per community 7.8 6.9 30,489
Number of households per community 421 354 30,489
Fraction of females 0.50 0.50 30,489
Age 10.2 2.9 30,489
Primary school enrollment 0.84 0.37 30,489
Females 0.83 0.37 30,489
Males 0.84 0.37 25,057
Household size 8.1 3.47 30,489
Deviation of log rainfall from mean 0.024 0.20 30,489
Yearly average rainfall (mm) 1229 381 30,489
Notes: Household data are collected from Uganda National Household Survey 1999, 2002,
249M. Björkman-Nyqvist / Journal of Development Economics 105 (2013) 237–253pattern is consistent with that found for crop production (see Figs. 4
and 5). I exclude extreme outliers and reestimate Eq. (11) and the effect
of rainfall shocks on enrollment becomes stronger, which implies that
large positive shocks are pushing the measured effect of rainfall shocks
towards zero.34 The results depicted in speciﬁcation (4) in Table 5 indi-
cate that girls living in districts withmore years of negative and positive
rainfall shocks are even more affected and the effect is fairly precisely
estimated. Districts that have hadmore years of negative rainfall shocks
have less girls enrolled in grade 7 as compared to districts with less
years of negative shocks.
I am also running regression (11) with controls for the long-term
mean and variance (results shown in Speciﬁcation 5 in Table 5) and
my ﬁndings are robust, which should clearly be the case since the
mean and variance of rainfall are, by construction, orthogonal to the
key explanatory variable. The variation in rainfall seems to have a larger
impact on enrollment than the mean of rainfall.
Finally, Figs. 4 through 6 and 10 suggest a non-linear relationship
between rainfall and output and rainfall and enrollment. However, as
indicated earlier, the nonlinearities are driven by the low number of
observations at the endpoints (less than 0.5% of the data points). As a ro-
bustness check, I also test for non-linearity in the effect and the results
do not change. In my regressions, I am assuming that rainfall shocks
have a linear effect on enrollment and by testing for the polynomial
effect, I investigate whether rainfall shocks have a diminishing or in-
creasingmarginal effect on enrollment. I ﬁnd that the results are robust
to the inclusion of polynomial variables and the coefﬁcient on polyno-
mial rainfall shocks is insigniﬁcant.35 Accordingly, I can exclude the pos-
sibility that rainfall shocks have a non-linear effect on the enrollment of
girls and boys.
6.1. Results on enrollment using household data
The schooling data used in the main analysis are aggregate district
level data. The advantage of using the full census of school age children
in Uganda is that it is not subject to sampling error as a representative34 The results are available upon request.
35 The results are available upon request.sample of micro data might be. The full census of primary school age
children for 24 years allows me to establish the effect of rainfall shocks
across a large number of cohorts for all districts in Uganda which con-
ﬁrms the external validity of the study. In order to show that the results
from the district level data are consistentwith themicro level ﬁndings, I
use household data to estimate the effect of rainfall shocks on the enroll-
ment of children of primary school age. I use a pooled cross section of
households from the 1999/2000, 2002/2003, and 2005/2006 national
household surveys in Uganda. I match the GPS position of the village
where the household is located with rainfall data for that community.
Table 8 provides summary statistics for the household data. The
sample includes roughly 30,000 rural households with children of pri-
mary school age. A community is the 0.25 latitude and longitude degree
area and it is the level at which I have corresponding rainfall data. There
are, on average, 228 communities in the dataset and each community
contains on average 7.8 villages and 421 households. The fraction of fe-
male children is 50% and the average age of primary school age children
is 10.2 years. 84% of the children are enrolled in primary school. Sum-
mary statistics of rainfall show that the average deviation of log rainfall
from the log mean of rainfall in the community is 0.024 log points andand 2005. The rainfallmeasure is thenatural log of rainfallminus the log ofmean rainfall in
the community for the period 1996–2006. A community is deﬁned by 0.25 × 0.25 degree
gridpoints and contains all villages within this area.
Table 9
Effect of rainfall shocks on schooling and health using household data.
Dependent variable Attendance Attendance Days sick
Speciﬁcation (1) (2) (3)
Age 0.013⁎⁎⁎ 0.014⁎⁎⁎ −0.043⁎⁎⁎
(0.002) (0.002) (0.014)
Female 0.027 0.027 −0.021
(0.021) (0.021) (0.21)
Female x age −0.003 −0.003 0.006
(0.002) (0.002) (0.19)
Deviation of log rainfall from mean 0.179⁎⁎ 0.189⁎⁎ −0.60
(0.08) (0.07) (0.73)
Age x deviation of log rainfall
from mean
−0.019⁎⁎ −0.019⁎⁎ 0.068
(0.007) (0.007) (0.064)
Female x deviation of log rainfall
from mean
−0.11 −0.14 0.49
(0.096) (0.09) (0.97)
Female x age x deviation of log
rainfall from mean
0.015⁎ 0.017⁎⁎ −0.034
(0.009) (0.008) (0.092)
Year ﬁxed effect Y Y Y
Community ﬁxed effect Y Y Y
Controls N Y Y
R2 0.06 0.07 0.03
Observations 31,759 30,489 30,266
Notes: Data from the 1999/2000, 2002/03, and 2005/06 Uganda National Household Sur-
vey and the sample includes households with primary school age children. Speciﬁcation:
(1) and (2) the dependent variable is primary school attendance; (3) the number of
days lost due to illness. The control variables in speciﬁcations (2) and (3) are agricultural
household, household size, mother working, and a poverty measure. All regressions in-
clude community ﬁxed effects and a linear time trend. Standard errors are clustered at
the village level.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
36 I simulate ability using the same parameter values and distribution function as in
Fig. 1.
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it rains 1229 mm per community and year.
Table 9 shows the results from estimating the following regression:
Yijct ¼ ∂þ αFijct þ θageijct þ β lnRct−1−lnRc
 þ η Fijct⁎ageijct
h i
þζ ageijct⁎ lnRct−1−lnRc
 h iþ λ Fijct⁎ lnRct−1−lnRc 
h i
þγ Fijct⁎ageijct⁎ lnRct−1−lnRc
  þ Xijct þ δt þ μc þ εijct
h ð13Þ
where Yicdt is school enrollment of child i, in household j, community c,
and year t. Fijct is a dummy variable indicating the child's gender and
ageijct is the age of the child. The rainfall shock variable is the natural
log of deviation in rainfall from the log of historical mean in community
c and year t − 1 ln Rct−1−ln Rc
 
. δt is a linear time trend, μc is commu-
nity ﬁxed effects, and εijct is the error term. Xijct is a set of control vari-
ables used in Speciﬁcations 2 and 3. γ is the coefﬁcient of interest
which indicateswhether older girls aremore affected by rainfall shocks.
The result without control variables in Speciﬁcation 1 in Table 10
shows a positive relationship between the deviation in log rainfall
from the logmean of rainfall and children's school enrollment. The gen-
eral positive relationship between deviations in rainfall from the mean
decreases with the age for boys, but for girls I ﬁnd matching results as
in the aggregate district level data — older girls are more affected by
rainfall shocks. The effect is signiﬁcant at the 10% level. When including
control variables in the regressions, the result becomes more precisely
estimated and the effect on older girls is now signiﬁcant at the 5%
level. A decrease (increase) in rainfall of one standard deviation from
the long-termmean in the community decreases (increases) the enroll-
ment of teenage girls by 4.4 percent, which should be compared to the 5
percent effect found using district level data. Hence, the result using
micro level data matches the result from the district level analysis.
Therefore, the aggregation bias in the main analysis does not seem to
be a major issue in this study.7. Additional results
Uganda experienced a large primary education sector reform in the
mid 1990swhen the Government outlawed school fees in primary edu-
cation, the so-called universal primary education reform (UPE). Under
certain conditions (discussed below), I can use this policy experiment
to estimate the effects of a reduction in the (formal) cost of schooling
on boys' versus girls' amount of schooling and to assess the extent to
which the price elasticity of education varies with changes in the eco-
nomic conditions.
The UPE reform was implemented country-wide in 1997. Prior to
this, all primary schools in Uganda charged user fees. To identify the ef-
fects of income shocks after the reform on boys' versus girls' schooling, I
estimate the following regression
Ydt ¼ ∂þ γ1UPE þ γ2 Rdt‐1‐Rd
 
þ γ3 UPE⁎ Rdt‐1‐Rd
  þ δt þ μd þ εidt ; ð14Þ
where Ydt is themeasure of enrollment in district d and year t, δt is a lin-
ear time trend, μd is district ﬁxed effects, and γ1 is the direct effect of
lower school fees on education. Note that γ1 is purely identiﬁed from
the time-series variation. Clearly, this is not an uncontroversial identiﬁ-
cation strategy. There are other changes that could have occurred dur-
ing the same time period as the UPE reform that could affect Ydt and
thus, cause biased estimates. Note, however, that no other (major) pol-
icy reform which could be affecting primary school enrollment was in-
troduced at the same time. Still, the evidence should be viewed as
suggested.
Table 10 reports results from the regression determining the effect of
the UPE reformon enrollment. According to Panels A and B, the abolish-
ment of user fees had a large and positive effect on both female and
male enrollment. It increased female enrollment by 1.4 to 2 standard
deviations in all grades and similarly for males, the UPE reform resulted
in a large increase in boys' enrollment and the effects are signiﬁcant at
standard levels. Relative to the average enrollment of boys and girls in
the districts, girls' enrollment increased more relative to that of boys
for all grades, as compared to the years prior to the UPE reform and
the effect is largest in lower grades. Table 10 also shows whether devi-
ations in log rainfall from the logmean of rainfall had different effects on
girls' and boys' schooling before and after the abolishment of user fees.
According to the results, a negative rainfall shock had a negative effect
on female students in grade 7 after the UPE reform, while boys' enroll-
ment was still not affected by a rainfall shock after the abolishment of
user fees.
What can account for these results? Let us now return to the model
formulated in Section 2. As illustrated in Fig. 11, removing school-fees
would lead to an inward shift of the BiS and GiS curves.36 In the ﬁgure,
the solid lines represent the enrollment of boys (black line) and girls
(gray line) before user fees were abolished and the dashed lines repre-
sent the enrollment after the cost reduction.
If all households had the same income (and at least 50% of the girls
were enrolled in school), the model suggests that the abolishment of
user fees would result in an increase in the enrollment of marginal stu-
dents (both boys and girls), but also that the effects of an income shock
would fall. However, I ﬁnd the effect of a negative income shock on girls'
enrollment to be larger after the UPE reform. In reality, of course, not all
households within a district have the same income. To illustrate this,
consider the case with two population groups in each district; poor
and less poor people. Prior to the abolishment of user fees, only the
less poor group sent their girls to school while both the poor and the
less poor group sent their boys to school. This is illustrated in Fig. 12,
where the vertical line to the right corresponds to the less poor group
and the vertical line to the left illustrates the poor group.
Table 10
Additional results of rainfall shocks on enrollment.
Primary school grade P1 P2 P3 P4 P5 P6 P7
Panel A: female enrollment
Observations: 652
Deviation of log rainfall from mean 1253 44 752 −16.9 284 394 246
(2018) (955) (758) (997) (549) (399) (269)
Universal primary education (UPE) reform 15,598⁎⁎⁎ 11,496⁎⁎⁎ 11,590⁎⁎⁎ 9845⁎⁎⁎ 7205⁎⁎⁎ 5237⁎⁎⁎ 3048⁎⁎⁎
(1715) (1197) (1127) (988) (807) (658) (471)
UPE x deviation of log rainfall from mean 1256 579 1805 1823 1850 1741 1662⁎
(2944) (2114) (2048) (1858) (1583) (1333) (942)
Panel B: male enrollment
Observations: 652
Deviation of log rainfall from mean 2540 206 640 4.86 331 −178 −0.19
(2432) (1071) (858) (896) (689) (545) (416)
Universal primary education (UPE) reform 15,645⁎⁎⁎ 11,286⁎⁎⁎ 11,272⁎⁎⁎ 9954⁎⁎⁎ 7521⁎⁎⁎ 5677⁎⁎⁎ 3228⁎⁎⁎
(1790) (1292) (1174) (1216) (838) (715) (520)
UPE x deviation of Log rainfall from mean −570 1316 1261 1615 1313 1668 1259
(3091) (2074) (1872) (1819) (1635) (1300) (1045)
Panel C: female enrollment
Observations: 646
Deviation of log rainfall from mean 1752 310 1976⁎⁎ 867 1704⁎⁎⁎ 1729⁎⁎⁎ 1345⁎⁎⁎
(1710) (1025) (924) (1376) (608) (501) (343)
Poor district 908 −2086⁎⁎⁎ −1525⁎⁎ −1431⁎⁎ −529 −67 472
(1213) (725) (708) (695) (638) (481) (338)
Poor district x deviation of log rainfall from mean −224 −199 −1503 −694 −1932⁎ −1820⁎⁎ −1317⁎⁎
(2957) (1752) (1568) (1724) (1062) (760) (506)
Panel D: male enrollment
Observations: 646
Deviation of log rainfall from mean 2887 1147 1989⁎⁎ 886 1581⁎⁎ 1299⁎⁎ 1227⁎⁎⁎
(1775) (1020) (913) (1403) (698) (547) (443)
Poor district 1169 −1423⁎ −1237⁎ −1299⁎⁎ −499 −337 −215
(1265) (710) (663) (643) (542) (484) (372)
Poor district x deviation of log rainfall from mean −1268 −1223 −2220 −842 −1945 −2211⁎⁎ −1929⁎⁎
(3190) (1818) (1634) (2323) (1197) (947) (754)
Notes: The sample is children enrolled in primary school between 1979 and 2003 inclusive. Speciﬁcation: Panels A and B control for the universal primary education reform in primary
schools. UPE is an indicator variable for the years when user fees were abolished in primary schools; Panels C and D control for poor districts where poor district is an indicator variable
for whether the district has an income less than the median income in the country. Each coefﬁcient (standard error) is from a separate regression of the dependent variable on rainfall
(deviation of log rainfall in district from the log of 1975–2003 district mean rainfall). Standard errors are clustered by district. All regressions include district ﬁxed effects and a linear
time trend.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
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girls to school which increases the enrollment of marginal girls. Hence,
the effect of an income shock on enrollment after the UPE reformwill be
larger for girls than for boys, since marginal girls who did not attend
school before the UPE reform are now also affected.
More insight into how rainfall shocks affect households' differential
investment in children's education is obtained by examining the impact
in districts with different income levels. I am using a speciﬁcation simi-
lar to (14), replacing the UPE dummy with a dummy for rich and poorIncome
BiS, GiS
Fig. 11. Enrollment of girls (gray lines) and boys (black lines) after the abolishment of
school fees.districts when studying whether investment in children's education
conditional on gender differs between districts with different income
levels.37 Panels C and D in Table 10 show these result for female and
male students. The results indicate that fewer girls are enrolled in the
poorer districts as compared to themorewealthy districts and the effect
is most prevalent for girls in the lower grades. The result further indi-
cates that the effect of a negative rainfall shock is lower for girls in
poorer districts as compared to girls in districts with an average income
above the median. To exemplify, consider Fig. 1 with poor and wealthy
districts and two population groups in each district: poor and less poor
people. In the wealthier districts, parents from both the poor and the
less poor group send their girls and boys to school, while in the poorer
districts only parents in the less poor group send their girls to school.
Hence, the effect of an income shock on girls' enrollment will be larger
in the wealthier districts as compared to the effect in the poorer dis-
tricts, since also the marginal girls are affected. The results for boys are
presented in Panel D. When taking into account the district income,
there is also an effect of rainfall shocks on boys' enrollment. Boys in
the poorer districts are less affected by a rainfall shock than boys in
richer districts. This would be consistent with the hypothesis that in37 I do not have access to income data for all districts and therefore, the sample is slightly
smaller in the regressionswith income data. Moreover, the income data are only available
for one year (1995) and the results should therefore be viewed as suggestive since the dis-
tribution of incomes across districts could have changed during the period.
Table 11
Additional result of rainfall shocks on academic performance.
Dependent variable:
test scores
Panel A: female enrollment
Deviation of log rainfall from mean −2.69⁎⁎,⁎
(1.06)
Universal primary education reform −0.62
(0.86)
Universal primary education reform ∗ deviation of log
rainfall frommean
3.37⁎⁎
(1.32)
Poor district 9.18⁎⁎⁎
(0.93)
Poor district ∗ universal primary education reform 0.34
(0.69)
Poor district ∗ deviation of log rainfall from the mean 1.76
(1.35)
Poor district ∗ universal primary education reform ∗
deviation of log rainfall from the mean
−1.15
(2.79)
R2 0.15
Observations 678,454
Panel B: male enrollment
Deviation of log rainfall from mean −2.27⁎⁎⁎
(0.79)
Universal primary education reform −0.81
(0.85)
Universal primary education reform ∗ deviation of log
rainfall frommean
2.60⁎⁎
(1.12)
Poor district 5.43⁎⁎⁎
(0.79)
Poor district ∗ universal primary education reform 0.76
(0.63)
Poor district ∗ deviation of log rainfall from the mean 0.82
(1.19)
Poor district ∗ universal primary education reform ∗
deviation of log rainfall from the mean
−0.36
(2.64)
R2 0.12
Observations 976,730
Notes: The sample is grade 7 children participating in the Primary Leaving Exam between
1989 and 2002 inclusive. Speciﬁcation: controlling for the universal primary education
reform in primary schools and poor district. UPE is an indicator variable for the years
when user feeswere abolished in primary schools and poor district is an indicator variable
for whether the district has an income less than the median income in the country. Each
coefﬁcient (standard error) is from a separate regression of the dependent variable on
rainfall (deviation of log rainfall in district from log of 1975–2003 district mean rainfall).
Panel A is regressions on female students and Panel B is regressions on male students.
All regressions include district ﬁxed effects and a linear time trend. Standard errors are
clustered by district.
⁎⁎⁎ Denotes signiﬁcance at 1% level.
⁎⁎ Denotes signiﬁcance at 5% level.
⁎ Denotes signiﬁcance at 10% level.
Income
BiS, GiS
Poor Less poor 
Fig. 12. Enrollment of girls (gray lines) and boys (black lines) after the abolishment of
school fees, with two population groups in the district.
252 M. Björkman-Nyqvist / Journal of Development Economics 105 (2013) 237–253more wealthy districts, more marginal boys are sent to school and
hence, these boys are sensitive to changes in the economic conditions.
Table 11 studies the effect of rainfall shocks on students' academic
performance conditional on the income level in the district before and
after user fees were abolished. As pointed out earlier, the results should
be viewed as suggestive since income data are only available for one
year (1995) and the distribution of incomes across districts could have
changed during the period. I ﬁnd that students in poorer districts (in-
come below the median in the country) before the abolishment of
user fees performed better on the PLE test as compared to students in
wealthier districts which suggests thatmainly high performing children
were sent to school in the poorer areaswhen therewas a cost associated
with enrollment. After the UPE reform, there is no signiﬁcant difference
in test scores between poor and richer districts indicating that the re-
form led to a more equalized distribution of students across poor and
rich districts. After the abolishment of user fees, the effect of a negative
income shock is largest in the wealthier districts, indicating that more
marginal students, who are sensitive to income shocks, were enrolled
in wealthier districts. I also ﬁnd that when dividing the districts into
poorer and richer, both boys' and girls' test scores in wealthier districts
are affected by negative rainfall shocks after the UPE reform. These re-
sults, although suggestive, are coherent with both the results on enroll-
ment conditional on district income and the theoretical predictions
suggesting that in more wealthy districts, more marginal boys are sent
to school and if there is not a sufﬁciently large number of girls enrolled,
these marginal boys are also affected by economic changes.
8. Conclusion
In many developing countries, boys are more likely to complete pri-
mary school than girls. Economists have long argued that boys' and girls'
differential educational outcomes can be explained by the underlying
economic conditions. Methodologically, it is challenging to establish a
link between households' economic conditions and investments in
children's education, since households' economic conditions and
schooling may be associated with omitted variables. This paper de-
velops and implements a strategy capturing the causal effect of changes
in households' economic conditions on the differential investment in
children's primary education. In particular, it uses the exogenous varia-
tion in rainfall across districts in Uganda to estimate the causal effects of
household income shocks on children's enrollment and academic per-
formance conditional on gender. This is the ﬁrst paper to study how
changes in household income affect children's test scores and whether
there are any differences depending on gender. I show that negative de-
viations in log rainfall from the log mean of rainfall have negative, and
highly signiﬁcant, effects on female enrollment in primary schools and
the effects are particularly strong for older girls. A 15% decrease in rain-
fall from its historical mean cuts female enrollment in grade 7 by 5percentage points. Boys, on the other hand, are not affected by rainfall
shocks and neither are younger girls. Additionally, I ﬁnd that when
school is free of charge and both marginal boys and girls are enrolled,
a negative income shock has an adverse effect on the test scores of fe-
male students. A decrease in rainfall from its historical mean decreases
the academic performance of girls to a larger extent than that of boys.
The ﬁndings in this paper indicate that an exogenous transitory income
shock to the household has a different effect, not only on investments in
girls' and boys' education, but also on girls' and boys' academic perfor-
mance. The results imply that households respond to income shocks
by varying the enrollment and resources provided to girls, while boys
are to a large extent sheltered — a ﬁnding consistent with a model
where parents' values of child labor (in home production) differ across
sexes. Older girls with a comparative advantage in home production are
withdrawn from school in periods of negative rainfall shocks while
there is no effect on the enrollment of younger girls and boys.
I also ﬁnd that the universal primary education reform introduced in
1997, which abolished user fees in all primary schools, had a large and
positive effect on the enrollment of both boys and girls, although the ef-
fect is stronger for girls. After the abolishment of user fees in primary
253M. Björkman-Nyqvist / Journal of Development Economics 105 (2013) 237–253schools, a negative income shock had a negative effect on the enroll-
ment of female students, while the enrollment of boys was still not
affected.
The twomain implications of the simplemodel and the empirical re-
sults in this paper are (i) income is a key determinant of educational
choices, in particular for girls; and (ii) households appear to use girls
for consumption smoothing in periods of negative income shocks, i.e.
girls are perceived as a buffer and used as an insurance (for domestic
work and reduced consumption) in periods of transitory shocks.
Considering that gender equality has been identiﬁed as one of the
most important goals of the donor community, e.g. the Millennium
Development Goal, my paper shows that policies boosting income and
increasing access to insurance against aggregate risk and saving options
for households are likely to affect the speed of reaching the gender
equality goal. Moreover, my ﬁndings also provide additional arguments
for interventions, such as weather insurance, that shield children and
especially girls from consequences of temporary environmental and
economic shocks.
Appendix A
A.1. Proof of Proposition 1
The optimal intra-household choices for a girl's and a boy's educa-
tion are determined by the following ﬁrst-order conditions:
‐u′ c1½  þ αib ≤ 0 for sb ∈ 0;1½  ð15Þ
‐u′ c1½ ηg þ αigθig ≤ 0 for sg ∈ 0;1½ : ð16Þ
Given assumption θgi b θbi = 1, ηg N ηb = 1 and αgi = αbi = αi, it
follows that αgi θgi b αbi and u′(c1)ηg N u′(c1); the marginal cost for the
girl's schooling is higher and the marginal gain is lower as compared
to the boy's schooling. When y is sufﬁciently high, y1 = u′c−1[αbi ] − ηg, so
that it is not optimal to choose sbi = sgi = 0, then sbi N 0. The household
will increase the boy's schooling until sbi = 1 when y2 = u′c−1[αbi ] +
1 − ηg. Thereafter, Eq. (15) does not hold and the only way of
transferring funds to the next period is by sending the girl to school
which happens at y3 ¼ u′
−1
c
αigθ
i
g
ηg
h i
þ 2−ηg. The girl's schooling increases
until sgi = 1 when y4 ¼ u′
−1
c
αigθ
i
g
ηg
h i
þ 2.
If sgi N 0 and sibN0; y5 ¼ u′
−1
c
αigθ
i
g
ηg
h i
þ 1−ηg, a reduction in ywill force
the parents to decrease sgi on the margin. Parents will decrease sgi until
sg
i = 0 and only then will they start to decrease sbi . The girl's ability,
ag
i = αgi sgi , is primarily affected by a reduction in y since parents choose
to decrease sgi when y decreases.
A.2. Construction of rainfall measure
Uganda has 16 demarcated rainfall zones and 31 rainfall stations.
Thus, each rainfall zone does, on average, have 2 rainfall stations. The
rainfall stations collect monthly precipitation in millimeters which is
compiled by the Department of Meteorology. Most stations have col-
lected monthly precipitation from the mid 1970s until today, although
some stations have monthly precipitation from 1950 until today. Each
rainfall zone on average contains three districts and most districts are
located within the boundaries of one rainfall zone, but some few dis-
tricts are divided into two rainfall zones.
The Department ofMeteorology providedmewith a detailedmap of
Uganda showing the demarcated rainfall zones as well as the location of
the 31 rainfall stations. I also received data on monthly rainfall for all
rainfall stations in Uganda for all years. I merged themap of demarcated
rainfall zones with a map of the district boundaries in Uganda todetermine which districts are located in which rainfall zones and
which rainfall stations are located in which districts.
Three distinct rules have been usedwhen determining the rainfall of
each district. The rules are set so as to use all possible rainfall stations in
the most accurate way and generate as much variation across districts
as possible. First, districts that are located within one rainfall zone and
have a rainfall station located in the district are assigned to have a yearly
rainfall according to this speciﬁc station. Approximately 70% of the dis-
tricts in Uganda fall into this category. Second, for districts that are locat-
ed within one rainfall zone but do not have their own rainfall station, I
have used average yearly rainfall in the rainfall zone. Third, for districts
located in two rainfall zones, I have calculated average yearly rainfall in
the two zones and use this as a measure of yearly rainfall in the district.
This rule also applies if the district has its own rainfall station but more
than one ﬁfth of the district is located in another rainfall zone.
For each district, I constructed a rainfall measure of total rainfall (in
millimeter) by district d and year t, Rdt, by summing themonthly precip-
itation in the district over the 12-month period. Some stations lack data
for some months per year and if more than one month is missing for a
speciﬁc year, this is indicated by a missing value for that speciﬁc year.References
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